Patients with sickle cell disease usually have mild hypoxaemia and their oxyhaemoglobin dissociation curve is shifted to the right. It follows that oxygen saturation in sickle cell disease should be lower than normal. Most subjects in this clinic had normal oxygen saturation by pulse oximetry, however. To improve the understanding of this paradox, arterialised capillary oxygen tension (Po2) and oxygen saturation were compared with simultaneously measured pulse oximeter saturation in 20 children with sickle cell disease. In addition, the Po2 at 50% haemoglobin saturation (Pso) was compared with saturation measured by pulse oximetry in all 20 patients. It was found that saturation measured by pulse oximetry was, on the whole, similar to that calculated from the sampled blood. Individual deviations were not random, however, and were partly explained by (IL 237). With the water bath preheated to 37°C and kept constant throughout, a test gas was pumped through each cuvette at 400 ml/min. The test gases used were 5% carbon dioxide balance nitrogen and 5% carbon dioxide balance oxygen such that blood in one tonometer would be fully saturated while that in the other desaturated (co-oximeter So2 <5%). After 15 minutes of blood-gas equilibration aliquots of blood were withdrawn from each cuvette in varying ratios such that total volume was approximately 0 5 ml. A few stainless steel pellets were added to the syringe and, with the outlet sealed, the syringe was shaken to ensure adequate mixing of saturated and desaturated blood. We avoided prolonged periods of desaturation in the process, or re'eated deoxy-oxygenation cycles, as these have been shown to lead to irreversible biophysical changes in red cells with sickle haemoglobin (HbS).5 The blood was then analysed for pH, Po2, and carbon dioxide tension (Pco2) (Radiometer ABL30) and oxygen saturation (Radiometer OSM2 Hemoximeter). The Po2 value obtained was corrected to a standard pH of 7 40 using an IL Po2 pH nomogram (Instrumentation Laboratory). The points obtained were then plotted using Po2 on the abscissa and Sao2 on the ordinate. P50 (the Po2 at 50% saturation) was determined using three to four points in the 40-60% saturation range by linear interpolation. Using a larger amount of blood from four of these patients the entire oxyhaemoglobin dissociation curve was plotted, fitting a sigmoid curve by eye, to eight to 10 data points for each patient. To obtain better resolution for curve fitting, two oxyhaemoglobin dissociation curves were constructed by combining Po2 and S02 data from patients with similar P50 values. This was carried out to verify that there was a right shifted oxyhaemoglobin dissociation curve in our patient group. To validate our methodology, blood from two controls (HbAA) was also obtained for 735 group.bmj.com on June 21, 2017 -Published by http://adc.bmj.com/ Downloaded from
The use of pulse oximetry is becoming more common in routine clinical practice with the advent of inexpensive, portable oximeters.' This has allowed non-invasive measurement of oxygen saturation (Spo2) within 2% of that measured spectrophotometrically at oxygen saturation values >75%. 2 Hypoxaemia has been reported in children with sickle cell disease. 3 The arterial oxygen tension (Pao2) values in this study ranged from 8 64 to 11 30 kPa (65-85 mm Hg), which would normally correlate with saturations in the range 91-97%. The oxyhaemoglobin dissociation curve is known to be shifted to the right in sickle cell disease.4 Thus we were surprised to find that most patients with sickle cell disease in our clinic had normal (.95%) Spo2 values, whereas intuitively we expected that most patients would have borderline or low values for SPO2. To improve our understanding of the assessment of pulmonary gas exchange in sickle cell disease, we sampled arterialised capillary blood in 20 patients, from which saturation was calculated, and compared this with saturation measured by pulse oximetry. We then compared SpO2 and P50 (P02 at 50% haemoglobin saturation) values to see if there was any relation between the magnitude of shift in the oxyhaemoglobin dissociation curve and SpO2. We also plotted the oxyhaemoglobin dissociation curve with data from four patients with sickle cell disease to verify that a curve shifted to the right would result in Sao2 -95% in a subject breathing ambient air with a normal alveolar-arterial oxygen gradient. Based on our clinical impression, we hypothesised that pulse oximeter saturation would overestimate true arterial saturation, and that this would be seen particularly in patients with the greater rightward shift (higher P50) in their oxyhaemoglobin dissociation curve, who physiologically should have lower oxygen saturation.
Subjects and methods
Venous blood was obtained from 20 patients with sickle cell disease at the time of a routine clinic visit. All were well and had not received a transfusion in the preceding three months. The haemoglobin concentration was measured by standard methods. The value of P50 was determined as follows. Five millilitres of heparinised blood were obtained and then divided into two equal aliquots. Each aliquot was placed into the cuvette of one of two tonometers (IL 237). With the water bath preheated to 37°C and kept constant throughout, a test gas was pumped through each cuvette at 400 ml/min. The test gases used were 5% carbon dioxide balance nitrogen and 5% carbon dioxide balance oxygen such that blood in one tonometer would be fully saturated while that in the other desaturated (co-oximeter So2 <5%). After 15 minutes of blood-gas equilibration aliquots of blood were withdrawn from each cuvette in varying ratios such that total volume was approximately 0 5 ml. A few stainless steel pellets were added to the syringe and, with the outlet sealed, the syringe was shaken to ensure adequate mixing of saturated and desaturated blood. We avoided prolonged periods of desaturation in the process, or re'eated deoxy-oxygenation cycles, as these have been shown to lead to irreversible biophysical changes in red cells with sickle haemoglobin (HbS).5 The blood was then analysed for pH, Po2, and carbon dioxide tension (Pco2) (Radiometer ABL30) and oxygen saturation (Radiometer OSM2 Hemoximeter). The Po2 value obtained was corrected to a standard pH of 7 40 using an IL Po2 pH nomogram (Instrumentation Laboratory). The points obtained were then plotted using Po2 on the abscissa and Sao2 on the ordinate. P50 (the Po2 at 50% saturation) was determined using three to four points in the 40-60% saturation range by linear interpolation. Using a larger amount of blood from four of these patients the entire oxyhaemoglobin dissociation curve was plotted, fitting a sigmoid curve by eye, to eight to 10 data points for each patient. To obtain better resolution for curve fitting, two oxyhaemoglobin dissociation curves were constructed by combining Po2 and S02 data from patients with similar P50 values. This was carried out to verify that there was a right shifted oxyhaemoglobin dissociation curve in our patient group. To validate our methodology, blood from two controls (HbAA) was also obtained for It is clear that a study comparing Spo2 and arterial So2 determined by co-oximeter in patients with sickle cell disease is warranted. Until a better understanding of the relation between pulse oximetry and true arterial saturation is found, periodic arterial blood gas sampling, especially at times of clinical pulmonary disease, would appear essential for pulse oximetry to be a useful tool in management of sickle cell disease.
